Enhanced Intracellular Delivery of siRNA by Controlling ATP-Responsivity of Phenylboronic Acid-Functionalized Polyion Complex Micelles.
Intracellular delivery of small interfering RNA (siRNA) is a long-standing challenge in oligonucleotide therapeutics. Herein, adenosine triphosphate (ATP)-responsive polyion complex micelles assembled from poly(ethylene glycol)-block-poly(l-lysine) (PEG-PLys) bearing 4-carboxy-3-fluorophenylboronic acid (FPBA) moiety in the PLys side chains (FPBA micelle) for the delivery of cholesterol-modified siRNA (Chol-siRNA) are described. The pKa of FPBA moiety is 7.2 and, therefore, it exists in equilibrium between negatively charged tetravalent and noncharged hydrophobic trivalent forms in physiological pH conditions. Each form cooperatively stabilizes the micelle in distinct modes, that is, a covalent ester-linkage between charged boronate and ribose functionality at 3' ends of Chol-siRNA and a hydrophobic interaction between noncharged boronic acid and Chol-siRNA. When exposed to ATP at a concentration associated with the intracellular environment, the Chol-siRNA/boronate linkage is readily cleaved to facilitate the release of Chol-siRNA into cytoplasm. In order to further optimize this switching capability, the effect of FPBA modification rate is studied for the resulting ATP-responsive behavior of the micelles. As a result, the range of 23-35% in the modification rate is found suitable to maximize the gene silencing efficiency, demonstrating the potential of the FPBA-modified micelles as ATP-responsive smart siRNA carrier systems.